Abstract: Th e present study estimates the farmers' willingness to switch to organic agriculture by using the one-and-onehalf-bound dichotomous choice contingent valuation method. We survey 200 farmers in the Kwangsi-myeon, Yesan-gun (Chungnam, Korea) and ask them at what revenue level (based on a 40 kg bag of eco-friendly rice) they would be willing to switch from the conventional agricultural methods to organic agricultural methods. Th e Turnbull model, a non-parametric method, was then used to estimate the willingness to switch to organic agriculture. Th e presented results show that farmers would be willing to convert to organic agriculture if their revenues were increased to 107 369-109 230 KRW per bag from the reference value of 60 000 KRW.
The excessive use of fertilizers and pesticides in agriculture, primarily in order to feed the growing population, has resulted in diseases and pests becoming resistant to the respective chemicals included in their production. Therefore, the agricultural ecosystem has gradually lost its homogeneity with the natural ecosystem and its cyclical process has become transformed or disconnected, destroying not only the agricultural ecosystem itself but also the surrounding ecosystems. Consequently, increasing production without incurring greater energy and material costs is a challenge.
Except for their food elements, farming goods have a strong public goods nature. In particular, unlike normal goods, their value cannot be estimated correctly by using the market mechanisms. Public goods are non-competitive (i.e., their consumption by an individual does not reduce other people's consumption) and non-exclusive, which allows for the free riding behaviour. Thus, public goods cannot be evaluated by applying the traditional market mechanisms and they are supplied at a less than the socially acceptable level.
Based on the foregoing, the use of organic farming techniques (organic agriculture hereafter) is rising as a solution to this urgent problem. Organic agriculture avoids using the excessive energy and materials by understanding and applying the eco-friendly farming processes. In addition, it enables farmers to maintain productivity and to secure food supply by preserving the balance of the agricultural ecosystem (Lim 2005) . Organic agriculture thus offers a number of societal benefits including the protecting nature, maintaining biodiversity, improving scenery, and supporting communities. However, such ecological services are rarely valued in the market, leading to their underestimation or poor supply. To overcome this barrier to the policy and institutional framework, it is thus necessary to assess the value of the functions of organic agriculture.
In this paper, we examine the willingness of Korean farmers to switch from the conventional farming methods to organic agriculture. The Cultural Heritage Administration of Korea has encouraged organic agriculture by releasing the rehabilitated white storks in the Yesan-gun, Chungnam. However, this farming technique is expensive to implement because of the high costs of creating the watering holes, connecting passages, digging vegetated channels as the habitats where they can live, and using the antagonistic microorganisms, companion plants, and biotic pesticides. Moreover, additional expenses are incurred for providing the continuous labour and using the eco-friendly farming materials. Accordingly, it is essential to offer an economic support to farmers in order to enhance their use of organic agriculture.
In this study, we use the one-and-one-half-bound dichotomous choice contingent valuation method (OOHB method hereafter) to assess the farmers' willingness to accept (WTA) a switch to organic agriculture (Cooper et al. 2002) . Then, we use the Turnbull model, a non-parametric method proposed by Haab and McConnell (2002) , in order to estimate the WTA values. The OOHB method has been used in several studies in Korea (Lee et al. 2007; Kwak et al. 2008; Yoo and Kim 2008; Won et al. 2009; Yoo et al. 2009; Jeong et al. 2010) to assess the willingness to pay for environmental goods and cultural heritage. However, no Korean study has yet examined the farmers' willingness to switch to organic agriculture by using the OOHB model.
DATA AND METHODS
In order to release the rehabilitated white storks for organic agriculture, it is essential to create a habitable environment for them. This approach to organic agriculture has various advantages from providing safe and fresh farming products to offering cultural and eco-tourism services (e.g., the provision of places to visit). In addition, it offers people the eco-education and makes them realize the importance of the environmental system. However, the major disadvantage of this ecological approach is its high cost, which might cause the production to decline and the labour and material inputs to increase. Accordingly, in this study we specified changing to organic agriculture as the object of the value estimation.
As noted in the Introduction, the OOHB method is a contingent valuation method and thus it may be subject to the hypothetical bias. To overcome this bias, Cummings and Taylor (1999) suggested the so-called cheap talk technique. The term 'cheap talk' is derived from the game theory. If there is a Nash equilibrium in any game, even if an oral agreement to choose a different strategy rather than the balance strategy is made between the parties before the game, such an agreement does not affect the strategy of the actual game. The cheap talk technique describes the hypothetical bias to survey parties and therefore it is a way to announce in advance that you need more a careful decision-making in order to reduce such bias.
To collect data, 200 farmers from the Kwangsimyeon (Yesan-gun) were interviewed from July to August 2010. Compared with the baseline market price of a 40 kg bag of rice (60 000 KRW), we asked them about the level of revenue at which they would be willing to switch to the production of eco-friendly rice. This was based on the following six revenue levels per 40 kg bag: 72 000 KRW (120% increase), 84 000 KRW (140%), 96 000 KRW (160%), 108 000 KRW (180%), 120 000 KRW (200%), and 1320 000 KRW (220%).
The OOHB method used herein is as follows. After explaining that the premium price of 40 kg rice would be fixed between the minimum price (WTA -) and the maximum price (WTA + ), we asked whether the respondent would be willing to change from conventional farming to organic agriculture under the condition that the premium price for 40 kg rice was set at the WTA -, randomly selected between the WTA -and WTA + . If the respondent A replied 'yes,' there was no follow-up question (because that would go below the stated price range). If the respondent A said 'no,' we asked the WTA + at what revenue level he/she would switch.
We believe that eliminating the element of surprise has the potential to remove discrepancies in the responses to the two valuation questions, but it comes at the cost of not always being able to ask the second valuation question: the second question will be appropriate for half the time, in average, but not for the rest of the time. Hence, we refer to this as the one-and-one-half-bound format (Cooper et al. 2002) .
In the next step, we asked the same question under the condition that the premium would be set at the WTA + . We gave the respondent B the same information about the premium price range. However, we asked whether he/she would be willing to change to organic agriculture if the premium price were set at the WTA + . A negative response led to no further questions. Otherwise, we asked the same question under the condition that the premium would be set at the WTA -. Thus, the probability of asking an additional question was 50%, depending on each respondent's answer. The OOHB method is based on the assumption that we only know the WTA -and WTA + , which is the price range of the evaluated environment goods, and that the actual price of goods is uncertain.
WTA -WTA -WTA + There are three expected answers to these questions, namely (yes), (no, yes), and (no, no). As noted above, there is no additional question in the first case WTA + compared with the second and third cases. For the respondent B, by contrast, the expected answers for the WTA + are (no), (yes, no), and (yes, yes). Hanemann's (1989) random utility model, a typical contingent valuation method, is then used to assess the Hicksian welfare. When respondents are questioned, they face two options. One is to make a profit by switching to organic agriculture (before switching) and the other is to provide ecological services by switching to organic agriculture (after switching). However, the WTA is given to them in the form of a compensation amount in the latter case.
To provide a specific explanation of the selection process, we specified the following parameters: the state of organic agriculture (i), individual respondent (j), personal income (y j ), the characteristics of respondent (z j ), and an unknown error (ε ij ).Hence, the equation of the individual utility function (1) is as follows: A condition of a respondent answering 'yes' to the question of being willing to accept the price of b j to switch to organic agriculture is that the utility of switching must be greater than or equal to rejecting it. The value of utility can thus be expressed as
Expressed as a probability function,
The total number of respondents (T j ) is the sum of those that say 'yes' (Y j ) and those that say 'no' (N j ). The 'no' answer of the cumulative probability is shown in the Equation (5). If the cumulative probability (F j ) is not monotonically increasing, a monotonic increase in force can occur through a comprehensive process. Adjusting the cumulative probability (F j ) is shown in the Equation (6):
The Turnbull method for estimating the cumulative probability (F j ) of negative responses is as follows. Therefore, the minimum bound ( ) and the maximum bound ( ) can be summarized into three cases: (yes), (no, yes), and (no). By considering each case is expressed as ( ), ( ) and ( ), the total number of respondents is thus: (7) Estimating the probability is shown in the Equations (8) and (9): (8) (9) For a higher price of (j), the question is equal to the lower price of (j + 1), the and thus the Equation (10) is valid: (10) The Equation (11) indicates the average WTA computed by using the Turnbull model and the Equation (12) Table 1 shows the demographic characteristics of 200 sampled farmers and the explanatory variables. The average age was 67.9 years, and the men's response rate was higher than that for women. In average, the education level was 8.15 years, which was above the elementary school graduation, and the faming career was 44.5 years; the annual income per farm was 19 400 000 KRW. The average number of family members was 2.7. Table 2 indicates the responses to the WTA question. When a lower price was offered, the proportion of negative responses was high and vice versa, as expected. Altogether, 85% of the farmers said 'no' when the lowest price was offered, while 63% said 'yes' when the highest one was offered. The proposed distribution was thus biased towards the lowest price, meaning that the WTA was unlikely to be an overestimate, as expected. The probabilities of accepting the amount calculated are presented in Table 3 .
RESULTS

Statistical analysis
According to the Turnbull method, the Table 4 shows that when F j is less than F j-1 , F j is adjusted into ( ); therefore, the value that is supposed to be adjusted F j is removed and F j-1 is computed as .
The average WTA calculated from the Equation (11) was found to be 108 312 KRW, as shown in the calculation below: = 66 000 × 0.15+78 000 × 0.62 + 90 000 × 0.175 + 102 000 × 0.138 + 114 000 × 0.050 + 126 000 × 0.050 + 138 000 × 0.375 = 108 312 KRW The variances in the WTA were derived from the Equation (12) as follows:
Tus, based on the 95% confidence interval, the mean value of acceptance was estimated to be 107 372 to 109 253 KRW.
WTA Area = 108 312 ± 1.98 × 474.98 = 107 372 ~ 109 253 2.71 1.50 1.00 9.00 *1 = less than 10 000 000 KRW; 2 = 10 000 000-14 900 000 KRW; 3 = 15 000 000-19 990 000 KRW; 4 = 20 000 000-24 900 000 KRW; 5 = 25 000 000-30 000 000 KRW; 6 = more than 30 000 000 KRW T o t a l 9 3 4 7 6 0 2 0 0 NN = no, no; N = no; YN = yes, no; NY = no, yes; YY = yes, yes; Y = yes According to the presented results, 108 312 KRW (95% confidence interval 107 372-109 253 KRW) represents the average revenue level necessary to induce the willingness to switch to organic agriculture based on a 40 kg bag of rice. Considering the potential decrease in production and the increase in operating costs for switching to organic agriculture, the amount of compensation uncovered herein does not seem to be very large. Indeed, it is likely to be underestimated. Thus, the future research might aim to compare the consumer willingness to pay for the eco-friendly rice with the combined total value.
DISCUSSION AND CONCLUSION
We used a contingent valuation method in order to survey 200 Korean farmers about their willingness to switch to organic farming techniques. We selected the area of Kwangsi-myeon, Yesan-gun, because this is an ecological area that has a symbiotic relation with white storks. The presented estimation results showed that the average revenue level for a household to switch was 108 312 KRW by applying the non-parametric Turnbull model, with the 95% confidence interval of 107 372 to 109 253 KRW based on a 40 kg bag of rice.
The contingent valuation method is a simple, flexible nonmarket valuation method that is widely used in the cost/benefit analysis and the environmental impact assessment. One possible way of estimating these benefits is to elicit the individuals' WTA for these benefits through a survey method. However, this method is subject to a severe criticism. It is a survey and it computes statistically the average value of the presented willingness to pay and the WTA. The possibility of being weighted depending on the ways of surveying has been a point of dispute in the process of development because this method aims to ask the subjects about their willingness to pay and the WTA. Until now, a relatively low bias has been caused by the widely used Double-Bounded Dichotomous Choice method. However, in recent years, the willingness to pay and the WTA has been known to demonstrate a relatively high extraction efficiency by utilizing the OOHB method.
It has been suggested that there is a difference in the income level generated by general agriculture and organic farming. Farmers may switch to organic farming to offer benefits to consumers in the form of safe agricultural products. However, the amount estimated in this study is not guaranteed by the transition to organic agriculture except for the operating expenses, and thus the amount of compensation is not very large. During the transition to organic agriculture, the income shortfalls or difficulties caused by switching (e.g., the farm failure or the price rises due to the government policies) require the attention of the government in order to preserve a stable income and to enlarge the sustainable organic agriculture. Nevertheless, organic farming is expected to continue growing. To meet this demand, it is urgent that both the government and the local autonomous entities prepare proper measures to encourage the development of organic agriculture. In this regard, the findings of this study should be helpful for improving the awareness of and preference for the future farming techniques. 
